Abstract Pain is one of the most common causes of reduced productivity. The annual cost of health-related reductions in productivity has been estimated at approximately 225 billion dollars in the United States alone. Ultrasound-guided locoregional infiltration procedures have frequently been shown to offer economical, effective, lasting relief of pain. In-depth familiarity with the equipment (probes and needles) and techniques used to perform these procedures are fundamental for safe, effective treatment. In fact, depending on the characteristics of the patient and the clinical problem, the approach and technique may have to be modified to simplify the procedure and ensure better results. Up-to-date knowledge of the drugs used for these infiltrations (indications, how they are used) is equally important. Our aim is to provide an update on the techniques and materials used in interventional musculoskeletal ultrasonography based on a review of the most recent literature as well as on our personal experience.
Introduction
Pain is one of the most frequent causes of reductions in productivity, reflected by sick leave and decreases in workers' ability to carry out their jobs. The annual cost of reductions in productivity related to health problems has been estimated at approximately 225 billion dollars in the United States alone [1] , and roughly 13 % of these costs are caused by pain. Musculoskeletal pain alone (degenerative or inflammatory in nature) accounts for approximately 7 % of the total [2] .
return of approximately 3 dollars for every dollar spent in reducing absences from the workplace [3] . These figures highlight the economic importance and strong social impact of the growing use of low-cost interventions capable of producing appreciable, long-lasting pain relief. Among the approaches found to offer economical, effective, lasting relief of pain, the most frequently cited are based on ultrasound-guided locoregional infiltration. In the scientific community, there is an ongoing debate on which drugs produce the best results for each disorder and site of involvement. A sonographer who intends to perform an US-guided infiltration procedure must, therefore, be capable of selecting the most appropriate drug for the task at hand. There is undoubtedly less controversy over the sonographic technique that should be used to guide the injection. However, selection of the transducer, needle, and the injection approach are of fundamental importance: use of an approach that is anatomically problematic or an inappropriate transducer or needle increases the risk of complications, prolongs procedure time, and reduces the effectiveness of the treatment.
In light of these reflections, the aim of this article is to provide an update on the techniques and materials used in interventional musculoskeletal ultrasonography based on a review of the most recent literature as well as on our personal experience.
Drugs used
Numerous drugs are currently used during interventional musculoskeletal ultrasound procedures. Their characteristics and the rationale for their use vary. These drugs can be used to achieve similar effects in different areas of the body or with different rationales depending on the site of use.
We do not intend to examine these drugs extensively. Instead, we will provide an overview of their mechanisms of action, the sites at which they are used, and the side effects they can cause. To this end, we have divided the injected substances into seven groups on the basis of their structural characteristics or mechanisms of action.
1. Corticosteroids (e.g., dexamethasone) 2. Sclerosing agents (e.g., polydocanol) 3. Hyaluronic acid 4. Autologous blood 5. Platelet-rich plasma (PRP) 6. Ozone 7. Normal saline (NaCl 0.9 %)
Corticosteroids
The corticosteroids have been used in the treatment of musculoskeletal pain since at least 1953 (Hollander, Philadelphia, 1953) , and although their short-term efficacy is undisputed, their use in the long-term management of patients has always been controversial. The corticosteroids currently in the market are human hormone analogs that have been synthesized in a laboratory. In men, the corticosteroids are produced by the adrenal glands, and they are involved in the response to stress. The glucocorticoids control the metabolism of proteins, fats, and carbohydrates; they also exert anti-inflammatory activity involving blockade of the release of phospholipids, inhibition of the activation of the eosinophils, and many other mechanisms, including the reduction of vascularization. Only modest differences have been demonstrated between these drugs, and none is significantly superior to the others [4] .
The rationale for their use in the control of the pain is obviously related to their anti-inflammatory activity, which attenuates the pain without affecting the mechanism that causes it. The pain relief is also partially related to the reduced formation of fibrosis, which indirectly increases the mobility of structures like tendons and reduces frictionrelated pain. There are no direct improvements on the functional aspects of the disorder being treated and the disability it causes [5] .
The fact that the effects of corticosteroids are almost exclusively symptomatic is one of their main limitations; in addition, while their effects are quite powerful, they are also short lived. Compared with other substances, they produce better effects during the first 5 weeks of treatment. Thereafter, their performance declines progressively, and after 24 weeks, appreciable benefits are no longer observed [4] . The corticosteroids cause osteoporosis and increase the risk of tears involving tendons and bands; many authors maintain that they can also have negative effects on the cartilage although these effects have never been documented with certainty [4, 6] . Finally, it is important to consider that these drugs produce local immunosuppressive effects, which increase the risk of infectious complications (unless strict asepsis is maintained throughout the procedure) [7] .
On the positive side, corticosteroid therapy has been used for years to treat diverse clinical problems, and it has repeatedly proved to be an effective solution for short-term relief of pain. These characteristics make them quite suitable for ''one-shot treatment'' (without significant improvements in performance with a second injection) of acute, severe pain [4] . The corticosteroids are indicated for treatment of degenerative disease of the shoulder, knee, and hip (generally in the form of intra-articular injections) [4] [5] [6] , as well as inflammatory conditions (e.g., bursitis).
Sclerosing agents
The sclerosing agents (e.g., polydocanol, the one most widely used) exert selective effects on the intima that leads to thrombosis and closure of the vessel, and for this reason they have long been used in the treatment of varices and telangiectasias [8] . In 2002, the first data were published on the use of polydocanol for the treatment of the tendinopathies [9] . The rationale is based on the fact that pain is often related to neovascularization, although some studies show that neovascularization can actually be an indirect aid in the identification of sensitive nerve branches [10] . It is not clear whether polydocanol reduces pain directly by diminishing neovascularization or because treatment of neovascularized areas also produces sclerosis of the adjacent nerve endings. All studies, however, have shown that the drug produces immediate and sustained reduction of pain lasting up to 2 years [11] ; functional improvement is also observed, and there are few side effects. Moreover, unlike corticosteroids, polydocanol also seems to act on the causes of the tendinopathy, reversing the degenerative process and producing what appears to be structural remodeling of the tendon [8] .
Polydocanol is thus an excellent choice for the treatment of tendinopathy, regardless of the site of involvement; studies have been published on its use in patients with lesions of the Achilles tendon (Fig. 1) , the patellar tendon, and the tendon of the supraspinatus muscle, as well as in those with tennis elbow [12] . Its only shortcoming is its limited efficacy in professional athletes, who frequently have to resort to more invasive interventions to obtain relief [11] .
Hyaluronic acid
Hyaluronic acid is a glycosaminoglycan with a non-branched polysaccharide chain; it is a fundamental component of connective tissue, where it contributes to the maintenance of hydration and plasticity. It is also secreted into the articular space by type B synoviocytes or fibroblasts, and exerts chondroprotective and lubricant effects. It has analgesic properties, which are related to its direct inhibition of nociceptors and its ability to bind substance P (a pain mediator) [13] .
The hyaluronic acid currently used in medicine is a synthetic substance, which is available in various molecular weights (high molecular weights, i.e., approximately 500-730 kDa, are generally used for intra-articular injections) and concentrations. This often complicates attempts to standardize treatment protocols [14] .
Since the mid-1980s, hyaluronic acid has been used to treat weight-bearing joints, especially the knee, mainly because of its ''mechanical'' effects (lubrication and separation of articular surfaces). Today, however, it is being used more and more frequently in non-weight-bearing joints, like those of the hand [15] , and for treatment of advanced forms of subacromial impingement. Although the results have been promising, the only approved ''on label'' use is for treatment of the knee [15] ; for other indications, more substantial data on efficacy and tolerability are needed.
Hyaluronic acid has certain side effects, including attacks of pseudo-gout with onset within 24-48 h after the initiation of treatment and gastrointestinal bleeding [15] . Serious complications of this type are extremely rare, while more frequent it is the sense of heaviness and clumsiness at the level of the treated joint.
Autologous blood
Autologous blood injections have long been used in the treatment of tendinopathies, but they are gaining new popularity particularly when combined with the technique of ''dry needling'', which involves ultrasound-guided scarification of the degenerated segments of tendons and ligaments [16] . The mechanism by which this intervention Fig. 1 Use of sclerosing agents to treat tendinopathies. Longitudinal US scan of the Achilles tendon using a high-frequency transducer. Color Doppler is used to identify the area to be treated, which is the most highly vascularized zone (a). Longitudinal US scan of the Achilles tendon using a high-frequency linear transducer. Under US guidance, the needle is inserted in the previously identified area of the tendon (b) J Ultrasound (2013) 16:45-55 47 improves the elastic characteristics and resistance of a tendon is probably related to the fact that the fenestrations created by the scarification allow local bleeding as well as the entry of autologous blood. The blood contains moderate amounts of growth factors, such as fibroblast growth factor and transforming growth factor. These substances stimulate the production of granulation tissue, which becomes organized and increases the overall resistance of the tendon [17] . These growth factors are similar to those found in platelet-rich plasma (PRP), but autologous blood can be obtained more rapidly and economically than PRP.
One of the negative aspects of autologous blood injections is that the studies that have assessed its efficacy actually evaluated the combined effects of dry needling and autologous blood [16, 17] . It is thus impossible to say how much of the efficacy depends on the latter component. However, the results are extremely promising in almost all the studies that have been reported thus far [16, 17] .
Platelet-rich plasma
Platelet-rich plasma is produced by centrifuging heparinized whole autologous blood for 15 min and separating the platelets from the other blood components. Later, the platelets are diluted with normal saline to obtain the optimal concentration [18] .
The use of PRP is increasing rapidly in two directions: for the treatment of tendinopathies (Achilles, patellar) and, more recently, for intra-articular use (knee and hip). The rationale for its use in cases of tendinopathy is related to the fact that when the platelets reach the site of injury, they release a series of chemokines and growth factors that can stimulate repair processes and block catabolic processes in the tendon [18] . The growth factors include platelet derived growth factor (PDGF), vascular endothelial growth factor (VEGF), transforming growth factor (TGF-b1), and tissue inhibitors of metalloproteinases-1 and 2 (TIMP-1 and 2), which stimulate the growth and repair of the tendon and block inflammatory and catabolic processes [19] . However, while the positive effects of PRP on tendons have been demonstrated in the laboratory and in non-randomized studies, the most recent randomized, double-blind trials have not confirmed the in vivo effects of PRP [18] . In light of these findings and its high costs compared with (for example) with whole blood, the use of PRP thus needs to be re-evaluated.
As for its more recent use in intra-articular therapy, there are no data from randomized clinical trials to support this approach: only small studies without a control group [19] . Larger, more complex studies are needed before we can draw any conclusion on PRPs potentially beneficial effects in this context. However, it is important to recall that intra-articular injection of PRP results in persistently high platelet concentrations within the space of the joint capsule. Their release of growth factors is generally slow, and the effects of these factors are concentration-dependent. Consequently, the characteristics of intra-articular release could enhance the qualities of the PRP and render it more effective than it is when injected into a tendon [19] .
Ozone
Ozone is a colorless gas with a characteristic odor; it is composed of three oxygen atoms. In nature, it is one of the components of the earth's atmosphere. Its high reactivity gives it a short half-life. It can be produced artificially by subjecting diatomic oxygen to a high-voltage electrical discharge. It was first used during World War I for the treatment of gas gangrene [20] .
Its current use in the field of musculoskeletal disorders is mainly confined to the treatment of small joints and localized diseases, such as Morton's neuroma (Fig. 2) , and disorders involving the interapophyseal facets of the vertebral column [21] or the temporomandibular joint [20] . Its mechanism of action is not yet fully known, but it seems to be linked to the gas's ability to reduce free radical production caused by intense mechanical stress [22] . This reduction produces an anti-inflammatory effect, which is the basis of ozone's clinical effectiveness. Its effects are naturally limited in large part to pain relief [21] ; its ability to improve functional impairment is restricted to the paindependent component.
Normal saline
Physiological saline is a 0.9 % w/v solution (that is approximately 9 g/L) of NaCl in purified water; it is essentially isotonic to blood and has no effect on the body other than that of increasing blood volume when injected intravenously. Its use during US-guided interventional musculoskeletal procedures is related to its ability to dissolve intratendinous calcifications, which leads not only to a reduction of the pain, but also to functional improvement. This technique is used frequently at the level of the rotator cuff, but it can be adapted to any site of the intratendinous calcification.
In the past, a single needle was inserted and used to inject the saline solution and to re-aspirate it, thereby producing a ''flushing'' effect that dissolved the calcification. Today, a dual-needle technique is widely used: the solution is injected with one needle and aspirated with the other, producing continuous lavage.
The normal saline per se has no side effects. Some authors maintain, however, that needle insertion can provoke tendon tears, and that use of two needles increases this risk [23] , but there is no scientific evidence to support this view [24] . The results of some studies suggest that heating the saline solution to approximately 42°C can improve performance and reduce the rate of complications (e.g., subacromial-deltoid bursitis), as compared with use of room temperature saline [25] .
Sonographic technique

General aspects
When a US-guided injection is being planned, patient preparation is extremely important: maintenance of asepsis is fundamental for preventing post-procedure complications.
The injection site should be disinfected with an appropriate bactericidal solution (e.g., povidone iodine, Betadine Ò ); in some cases, it may be necessary to shave the affected area prior to disinfection. The operating field is then delimited with sterile drapes, which also functions as a workspace. The choice of the transducer depends on the characteristics of the structure being imaged (for deep structures, it is sometimes necessary to use a convex transducer, while for superficial structures a linear probe is always used). The transducer should be appropriately disinfected and covered with a sterile probe cover, the operator should wear surgical gloves, and the gel used should also be sterile. Maintaining asepsis is easier if the operator is assisted by a second physician or a non-sterile nurse, who prepares the material and assists the doctor.
Needle advancement can be done free hand or with the aid of needle guides mounted on the transducer. These devices allow the operator to guide the needle along a predetermined track, which can also be visualized on the monitor. During the procedure, the transducer should be manipulated with the non-dominant hand and the needle with the dominant hand. This maximizes both sensitivity and precision. Needle selection (Fig. 3) will vary based on the depth of the structure being imaged. The gauge will depend on the dimensions of the structure. Longer, smaller-bore needles are more likely to deviate from the planned trajectory, thus rendering the procedure more difficult.
Once the structure of interest has been reached, a small bolus of normal saline can be injected: sonographic visualization of the flow of this liquid near or within (e.g., intra-articular flow) the structure of interest confirms that the needle has been correctly positioned (Fig. 4) . When the position has been verified, the chosen drug can be injected.
Specific aspects
Various types of structures can be treated in patients with musculoskeletal pain: joints, tendons, nerves, bursae, etc. For each structure, there is a specific technique based on the use of easy-to-locate anatomical landmarks, which simplifies the procedure and reduces the risk of complications. The approaches used to access the structures of major interest are described below. Wrist and hand 1. Median nerve: the patient is placed in a seated or supine position. The forearm is supinated and the wrist placed on a roll of gauze to maintain a position of mild flexion. The procedure is performed with a high-frequency (15-18 mHz) linear probe and small-bore needles (25 gauge). A transverse scan is done to locate the median nerve where it enters the carpal tunnel. Anatomical anomalies (e.g., bifid median nerve, persistent median artery) are then identified [26] , since they can influence the procedure. The vascular study is done with Power Doppler to ensure visualization even of the smaller vessels. The needle is then inserted at the level of the crease in the wrist, ulnar to the palmaris longus tendon and at an angle of approximately 30°. The tip penetrates the flexor retinaculum and part of the liquid is injected along the ulnar margin of the nerve. Generally, this procedure expands the space between the nerve and the retinaculum, so that tissues adjacent to the nerve can also be infiltrated (the perineural or peritendinous approach should be used routinely, since it improves the efficacy of the procedure). The operator should then verify that the injected liquid is properly and uniformly distributed around the nerve [27, 28] . 2. Distal radioulnar joint: the patient is placed in a seated or supine position. The forearm is pronated and the wrist placed on a roll of gauze to maintain a position of mild flexion. The procedure is performed with a highfrequency (15-18 MHz) linear probe and small-bore needles (25 gauge). The Lister tubercle and the ulnar styloid are identified, and the transducer is placed with its axis parallel to the line that connects these two structures. This provides good cross-sectional visualization of the osseofibrous tunnels. The needle is advanced along the ulnar aspect of the extensor digiti minimi, which runs through the fifth compartment. This reduces the risk of injury to neurovascular structures (e.g., the interosseous artery, the cutaneous branch of the ulnar nerve) and gives access to the largest recess of the distal radioulnar joint, which is near the head of the ulna [29] . 3. Retinaculum of the first osseofibrous tunnel. The patient is seated with the forearm maximally pronated.
The procedure is performed with a high-frequency (15-18 MHz) linear probe and small-bore needles (27 gauge). The thickened retinaculum is identified and the needle advanced from the ulnar to the radial side, parallel to the retinaculum itself. When the tip reaches the retinaculum, the drug is injected (Fig. 5) . A longitudinal scan is done at the level of the lateral epicondyle of the elbow, the common extensor tendon is visualized along its long axis, and the adjacent soft tissues are infiltrated (Fig. 6) [31].
Shoulder 6. Subdeltoid bursa: the patient is seated, with the arm behind the back, the elbow flexed 90°, and the dorsal aspect of the hand pressed against the back. The procedure is performed with a multifrequency (9-18 MHz) linear transducer and short (5 cm), 20-gauge needles. Scanning parallel to the supraspinatus muscle, one encounters the subacromial space, which contains the supraspinatus and the humeral head; the probe is moved laterally until the deltoid muscle is seen. When distended, the subdeltoid bursa is depicted as a hypoechoic structure located between the rotator cuff and the deltoid (Fig. 7) [32]. 7. Shoulder joint: when a posterior approach is used, the patient is seated, with the arm abducted and the elbow flexed at 90°. The procedure is performed with a multifrequency (9-18 MHz) linear transducer and intermediate-length (7 cm), 18-20 gauge needles. The glenohumeral joint capsule can be accessed with different approaches (most of which are derived from arthrography [33] ), and the procedure has several variants. The anterolateral approach, for example, involves advancing the needle between the biceps tendon and the subscapularis muscle. Using the posterior approach, the probe is placed on the posterior aspect of the shoulder, along a plane perpendicular to the glenohumeral joint rim. The transducer is moved from the acromion caudally and medially until the articular rim is visualized. The needle is advanced until it touches the humeral head. A small bolus of physiological saline is injected to separate the capsule from the bone plane and make sure the needle has reached the joint [34] . 8. The supraspinatus tendon: sonographic visualization of the supraspinatus tendon should not be a problem for a trained sonographer (Fig. 8) . The only difficulty is related to the fact that these procedures are often performed to treat calcifications, so the tip of the needle must be positioned in or near the calcification (Fig. 9) . Moreover, it is often better to insert two needles (one for injecting, one for aspirating) if lavage with normal saline is being planned [35] . In the treatment of enthesitis, the tip of the needle should preferably be placed next to the tendon (Fig. 8) , rather than inside the tendon. The anterior superior iliac spine is identified, and the transducer is placed on the sagittal plane with the cranial end at the level of the spine itself. The transducer is moved medially and caudally until the femoral head is visualized. The lower end of the transducer is rotated laterally until the segment between the head and the neck of the femur is visualized (a single rotation of approximately 30°is generally sufficient). At this level one encounters the anterior synovial recess, which may or may not be distended with liquid. Before making the intra-articular injection, the operator must evaluate the position of the femoral neurovascular bundle (best visualized in the axial plan and with the aid of Doppler). Using the lateral approach, the operator will in most cases be able to delineate a trajectory that avoids these structures. When the joint has been reached ( Fig. 10) proper needle placement can be confirmed by injecting a small amount of physiological saline (which will be visualized as intra-articular flow) [36, 37] .
Knee
10.
The joint capsule of the knee: the patient lies on his back or is seated with the knee extended and externally rotated, so that the medial surface is exposed (additional external rotation can be avoided by placing a rolled-up towel under the lateral aspect of the knee). Linear multifrequency (9-18 MHz) transducers are generally used with 20-gauge needles.
On the longitudinal scan, the medial border of the patella is identified; the needle is inserted medial to the junction of the middle and upper thirds of the patellar margin. Subsequently, the needle is rotated and advanced cranially and laterally toward the suprapatellar recess [38] . 11. Tendon of the popliteal muscle: with the patient lying on his back or seated, the knee is flexed slightly (20-30°) and internally rotated to expose the lateral surface. Linear multifrequency (9-18 MHz) transducers are generally used with short (no more than 5 cm), small-bore (around 25 gauge) needles. The lateral femoral condyle is located by palpation and the probe placed over it to visualize the lateral collateral ligament. At this point, the transducer is rotated in the axial plan and moved caudally until the popliteal sulcus is visualized on the lateral aspect of the femoral condyle. The roof of the sulcus is the lateral collateral ligament. The tendon of the popliteal muscle lies within the sulcus. The needle is advanced toward the tendon and the tip inserted into the tendon sheath. The tendon is visualized along both the short and long axes during the injection to ensure 360°c ontrol over the position of the needle [39] .
Ankle
12.
Peroneal tendons: the patient lies on his side with the medial aspect of the ankle resting on a roll of gauze so that it is in a slightly inverted, plantar-flexed position. Linear multifrequency (9-18 MHz) transducers are generally used with short (no more than 5 cm), small-bore (around 25 gauge) needles. The lateral malleolus is palpated and the transducer positioned immediately behind it in the axial plane.
Starting from the apex of the fibula, the transducer is moved cranially for approximately 4-5 cm until the peroneal tendons are visualized on transverse section. The needle is inserted anteriorly and advanced along an anteroposterior trajectory to the tendon sheath, where the infiltration is performed [40] . The probe is placed on a sagittal plane, parallel and slightly lateral to the Achilles tendon; the following structures can thus be identified (moving caudally: the posterior tibial margin, the posterior talus (with the os trigonum), and the posterior calcaneus. Between the last two structures, one can see the posterior articular recess when it is pathologically distended. The needle is inserted at the caudal edge of the transducer and advanced to the recess through the fat of the triangle of Kager. The sural nerve and the small saphenous vein are in an anterior position and do not cross the trajectory of the needle [41] . The posterolateral approach to this joint is preferred in our center, but others can also be used, including the posteromedial approach, which is also useful for the Achilles tendon, and the anterolateral approach, which is also useful for the tibiotalar joint (Fig. 11 ) [41] .
Conclusions
As this review of our experience and the most recent literature shows, sonographers must continuously improve their knowledge of the materials and techniques used for interventional musculoskeletal US. In-depth familiarity with the equipment (transducers and needles) and techniques are fundamental for safe, effective administration of these injections. In fact, depending on the characteristics of the patient and the clinical problem, the approach and technique may have to be changed to ensure better results with a simpler procedure [41] . It is equally important to be aware of the possible complications of each procedure [42] and current indications for the substances being injected and how they are used. The task is complicated by the abundance in the literature of poorly designed or confusing studies and clinical trials that are of little significance. However, given the increasing importance of US-guided locoregional treatments for the musculoskeletal pain, these are difficulties that must be overcome. And in our opinion, this is what makes articles like this necessary. In fact, the information must be joined together and simplified to improve patient compliance and outcomes, thus promoting a faster, more complete resumption of occupational or sports-related activities.
